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(54 ) An active matrix liquid crystal display. 

(57) A parasitic capacitance is not caused be- 
tween a shielding film (210, 224) and a gate line 
(201) and between a pixel electrode (214) and 
the gate line (201) in a liquid crystal display of 
the present invention because the shielding film 
(210, 224) and the pixel electrode (214) do not 
overlap the gate lines (201). The display charac- 
teristics are thus improved. Furthermore, since 
the counter shielding film (219) is formed so as 
to cover a smaller gap of one between the 
shielding film (210, 224) and the gate line (201) 
and one between the (201) and pixel electrode 
(214), light leak through the gap can be block- 
ed. The shielding film (219) can be small be- 
cause it only covers the gap, thereby preventing 
a degradation of an aperture ratio. Moreover, a 
degradation of yield caused by increasing a 
number of production steps is also prevented 
because the production steps are not compli- 
cated. In another aspect of the liquid crystal 
display of the present invention, since the gate 
line (201) is electrically connected to a counter 
electrode (219), a part of the parasitic capaci- 
tance caused between the pixel electrode (214) 
and the shielding film (210, 224) and between 
the pixel electrode (214) and the gate line (201) 
is connected in parallel to a capacitance of 
liquid crystal (216) and used as a storage 
capacitance. As a result, the parasitic capaci- 
tance less influences on the display character- 
istics, which is thus further improved. Further, 
since storage capacitance lines are not re- 
quired, the aperture rate is not degraded and a 
degradation of yield caused by increasing a 
number of the production steps is prevented. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

5 The present invention relates to an active matrix liquid crystal display comprising an active matrix substrate 

on which switching elements are formed in the shape of a matrix, a counter substrate opposed to the active 
matrix substrate and a liquid crystal layer therebetween. 

2. Description of the Related Art: 

10 

Liquid crystal displays have attracted attention as a display used instead of a CRT (cathode ray tube) due 
to their characteristics of saving space and low power. Among such liquid crystal displays, thin film transistor 
(hereinafter referred to as the "TFT") activated liquid crystal displays are superior because the liquid crystal 
therein responds at a high rate and images are displayed with high quality. Especially, TFTs made from amor- 

15 phous silicon (hereinafter referred to as "a-Si") have been remarkably developed in recent years since films 
can be formed at a low temperature in such TFTs so that they can provide a more accurate and less expensive 
display showing a larger picture. 

Figure 16 is a plan view showing an example of a conventional liquid crystal display using the a-Si in the 
TFTs. Figures 17 and 18 are sectional views taken on lines A-A and B-B' of Figure 16, respectively. The liquid 

20 crystal display comprises an active matrix substrate 122 on which TFTs 124 are formed in the shape of a matrix, 
a counter substrate 123 opposed to the active matrix substrate 122 and a liquid crystal layer 116 sandwiched 
therebetween. Astructure of such a liquid crystal display will now be described in details based on its production 
steps as follows: 

First, a metal thin film is formed on a transparent insulating glass substrate 101 to form gate lines 102 as 
25 scanning lines and gate electrodes 102a branched from the gate lines 102. An SiN x film as a first insulating 
film 103, an a-Si layer as a semiconductor layer 104 of the TFTs 124 and another SiN x film as a second insu- 
lating film 105 are successively formed on the entire top surface of the glass substrate 101. The second in- 
sulating film 105 is then patterned as is shown in Figure 16. 

Next, after forming a metal thin film thereon, an n + layer 106 doped with P is formed for making an ohmic 
30 contact with the a-Si layer 104. Then, source lines 107 as signal lines having a pattern as is shown in Figure 
16, source electrodes 107a branched from the source lines 107, drain electrode/shielding films 108 and shield- 
ing films 110 are respectively formed. The TFTs 124 each having a sectional structure as shown in Figure 17 
are formed near respective crossings of the gate electrodes 102a and source electrodes 107a. 

Then, a third insulating film 112 is formed on the entire top surface of the resultant glass substrate 101, 
35 and contact holes 113 are formed in the third insulating film 112. A transparent conductive film is then formed 
so as to fill the contact holes 113 and partially cover the gate lines 102 to form pixel electrodes 114. An align- 
ment layer 115 is further applied on the pixel electrodes 114, and then treated by a rubbing method. The active 
matrix substrate 122 is thus formed. 

The counter substrate 123 is fabricated as follows: Acolorf ilter 120 is patterned on a transparent insulating 
40 glass substrate 121, if necessary. A transparent conductive film is formed over the entire top surface of the 
patterned substrate to form a counter electrode 118. An alignment layer 117 is then formed on the counter 
electrode 118, and is treated by the rubbing method. 

The active matrix substrate 122 and the counter substrate 123 are then adhered to each other, and liquid 
crystal is injected therebetween to form the liquid crystal layer 116. The liquid crystal display is fabricated in 
45 this manner. 

In such a liquid crystal display, the drain electrode/shielding films 1 08 serving as both the drain electrodes 
and the shielding films as well as the shielding films 110 are provided above the gate lines 102 as is shown 
in Figure 18 for the following reason: In obtaining high accuracy by increasing the number of pixels in a unit 
area, 1-Horizontal inversion driving for inverting polarity of signals applied to the pixel electrodes 114 by gate 

so line 102 is adopted, because more pixels decrease the interval between the adjacent pixels. In this case, an 
interaction is caused between the adjacent pixel electrodes 114 to disturb the electric field over the gate lines 
102. As a result, the liquid crystal particles are also disturbed, and, for example, light is leaked while displaying 
black in the normally white mode of the liquid crystal, resulting in degraded contrast. The shielding films 108 
and 110 are formed above the gate lines 102 to shield the light leak, thereby preventing the degradation of 

55 the contrast. 

A system in which the shielding films are formed above the source lines of the active matrix substrate is 
also known (M. Tsumura et al., "High-Resolution 10.3-in. Diagonal Multicolor TFT-LCD", SID 91 DIGEST , pp. 
215-218). In this system, contrast is degraded due to light leak caused by the disturbed electric field on the 
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gate lines in the 1-Horizontal inversion driving as mentioned above. In the 1-Vertical inversion driving for in- 
verting polarity of signals applied to the pixel electrodes by source line, the degradation of contrast can be 
avoided because the electric field is disturbed above the source lines. However, in this system, an IC for driving 
has a disadvantageously large load because it is impossible to drive the counter electrode on the counter sub- 
5 strate so as to aid the application of signals to the pixels. 

For the reasons described above, the shielding films 108 and 110 are formed above the gate lines 102 in 
the conventional liquid crystal displays. 

In such conventional liquid crystal displays, as is evident from Figures 17 and 18, a parasitic capacitance 
is generated in overlapped portions between the drain electrode/shielding films 108 and gate lines 102, shield- 
to ing films 110 and the gate lines 102, or the pixel electrodes 114 and the gate lines 102, thereby degrading 
display characteristics. An effect of the parasitic capacitance on the display characteristics is represented by 
a ratio obtained by the following equation (I): 



15 



20 



Equation ( I ) 



^ Parasitic \ /Capacitance of^ /Storage \ /Parasitic f 
[ Capacitance)' \Liquid Crystal/ \ Capacitance/ \Capacitance/ 



Since the conventional liquid crystal has no storage capacitance, the parasitic capacitance largely affects dis- 
play characteristics. However, in order to provide a storage capacitance with each pixel to solve this problem, 
lines and the like for storage capacitance should be formed, resulting in reducing the aperture ratio. Further- 
more, when the lines for the storage capacitance are formed from a transparent conductive material so as not 
25 to reduce the aperture ratio, the yield is degraded because of the additional production steps. 



SUMMARY OF THE INVENTION 



The active matrix liquid crystal display of this invention comprises an active matrix substrate having a plur- 
30 ality of parallel scanning lines, a plurality of parallel signal lines crossing the scanning lines, pixel electrodes 
respectively formed in substrate portions defined by two adjacent scanning lines and two adjacent signal lines, 
switching elements each of which is connected to a corresponding pixel electrode, a corresponding scanning 
line and a corresponding signal line, and pairs of first shielding films, each pair being provided along both sides 
of each scanning line, for blocking light leak along the scanning lines; a counter substrate opposed to the active 
35 matrix substrate having a counter electrode and second shielding films for blocking light leak which is not 
blocked by the first shielding films; and a liquid crystal layer between the active matrix substrate and the coun- 
ter substrate. 

In an embodiment, none of the first shielding films overlay the scanning lines. 

In another embodiment, the second shielding film covers the smaller one of: (1) gaps between the pair of 
40 first shielding films and the scanning line sandwiched thereby; and (2) gaps between the pixel electrode and 
the scanning line. 

In still another embodiment, the switching elements are thin film transistors, and a drain in each thin film 
transistor also serves as one of the pair of first shielding films. 

In still another embodiment, the signal lines are made from a type material as used for the first shielding 
45 films. 

Alternatively, the active matrix liquid crystal display of the present invention comprises an active matrix 
substrate having a plurality of parallel scanning lines, a plurality of parallel signal lines crossing the scanning 
lines, pixel electrodes respectively formed in substrate portions defined by two adjacent scanning lines and 
two adjacent signal lines, switching elements each of which is connected to a corresponding pixel electrode, 
so a corresponding scanning line and a corresponding signal line, and first shielding films each of which is formed 
so as to overlay an adjacent pixel electrode for blocking light leak along the scanning lines; a counter substrate 
opposed to the active matrix substrate having a counter electrode electrically connected to the scanning lines; 
and a liquid crystal layer between the active matrix substrate and the counter substrate. 

In an embodiment, the active matrix liquid crystal display further comprises second shielding films respec- 
55 tively opposed to the shielding films across the scanning lines. 

In another embodiment, the switching elements are thin film transistors, and a drain in each thin film tran- 
sistor also serves as the second shielding film. 

In still another embodiment, the first shielding film and the second shielding film overlaying the same pixel 
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electrode are electrically connected to each other. 

In still another embodiment, the active matrix liquid crystal display further comprises connecting means 
for connecting the first shielding film and the second shielding film. 

In still another embodiment, the connecting means is made from a transparent conductive film. 
5 In still another embodiment, the first shielding film and the second shielding film are integrated. 

In still another embodiment, the signal lines are made from a type of material as used for the first shielding 
films. 

In still another embodiment, the signal lines, the first shielding films and the second shielding films are 
made from the same type of material. 
10 In still another embodiment, none of the second shielding films overlay the scanning lines, and the counter 

substrate comprises third shielding films covering the smaller one of: (1) gaps between the second shielding 
film and the scanning line; and (2) gaps between the pixel electrode and the scanning line. 

In still another embodiment, the switching elements are thin film transistors, and a drain in each thin film 
transistor also serves as the second shielding film. 
15 In still another embodiment, the first shielding film and the second shielding film overlaying the same pixel 

electrode are electrically connected to each other. 

Thus, the invention described herein makes possible the advantages of (1) providing an active matrix liquid 
crystal display having display characteristics improved by preventing a parasitic capacitance; (2) providing an 
active matrix liquid crystal display having display characteristics improved by preventing a parasitic capacitance 
20 without degrading the aperture ratio; (3) providing an active matrix liquid crystal display having display char- 
acteristics improved by preventing a parasitic capacitance without degrading the aperture ratio while prevent- 
ing degradation of yield caused by increasing the number of production steps; (4) providing an active matrix 
liquid crystal display having display characteristics improved by utilizing a parasitic capacitance as a storage 
capacitance; (5) providing an active matrix liquid crystal display having display characteristics improved by util- 
25 izing a parasitic capacitance as a storage capacitance while preventing degradation of yield caused by increas- 
ing the number of production steps; and (6) providing an active matrix liquid crystal display having display char- 
acteristics improved by utilizing a parasitic capacitance as a store capacitance while decreasing the amount 
of the parasitic capacitance. 

These and other advantages of the present invention will become apparent to those skilled in the art upon 
30 reading and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a fragmentary plan view of an active matrix liquid crystal display as a first example of the present 
35 invention. 

Figure 2 is a sectional view taken on line B-B' of the liquid crystal display of Figure 1. 
Figures 3Ato 3F are plan views showing a production method of the liquid crystal display of Figure 1. 
Figure 4 is a fragmentary plan view of an active matrix liquid crystal display as a second example of the 
present invention. 

40 Figure 5 is a fragmentary plan view of an active matrix liquid crystal display as a third example of the pres- 

ent invention. 

Figure 6 is a sectional view taken on line B-B' of the liquid crystal display of Figure 5. 
Figures 7Ato 7D are plan views showing a production method of the liquid crystal display of Figure 5. 
Figure 8 is a fragmentary plan view of an active matrix liquid crystal display as a fourth example of the 
45 present invention. 

Figure 9 is a sectional view taken on line B-B' of the liquid crystal display of Figure 8. 
Figure 10 is a fragmentary plan view of an active matrix liquid crystal display as a fifth example of the 
present invention. 

Figure 11 is a sectional view taken on line B-B' of the liquid crystal display of Figure 10. 
so Figures 12Ato 12C are plan views showing different applications of the active matrix substrate in the liquid 

crystal display of the fifth example. 

Figure 13 is a fragmentary plan view of an active matrix liquid crystal display of a sixth example of the 
present invention. 

Figure 14 is a sectional view taken on line B-B' of the liquid crystal display of Figure 13. 
55 Figure 15 is a diagram showing a pattern of a shielding film formed on a counter-substrate of the liquid 

crystal display of Figure 13. 

Figure 16 is a fragmentary plan view of a conventional active matrix liquid crystal display. 

Figure 17 is a sectional view taken on line A-A' of the conventional liquid crystal display of Figure 16. 
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Figure 18 is a sectional view taken on line B-B' of the conventional liquid crystal display of Figure 16. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 The present invention will now be described in detail by way of example with reference to the accompanying 

drawings. 

Example 1 

10 Figure 1 is a plan view showing an active matrix liquid crystal display according to this example. Figure 2 

is a sectional view taken on line B-B' of the active matrix liquid crystal display of Figure 1. The liquid crystal 
display comprises an active matrix substrate 222 on which TFTs 224 are formed in the shape of a matrix, a 
counter substrate 223 opposed to the active matrix substrate 222 and a liquid crystal layer 216 sandwiched 
therebetween. The active matrix substrate 222 comprises an insulating glass substrate 201 as the lowest layer, 

15 gate lines 202 formed thereon as horizontally extending scanning lines, and gate electrodes 202a of the TFTs 
224 branched from the gate lines 202. 

On the glass substrate 201 bearing the gate lines 202 and gate electrodes 202a, a first insulating film 203 
made from SiN x is formed, and an a-Si layer (not shown) is further formed so as to cover the first insulating 
film 203 at positions where the gate electrodes 202a are formed. A second insulating film 205 also made from 

20 SiN x is formed on the a-Si film. Source lines 207 as signal lines made from a metal and source electrodes 207a 
of the TFTs 224 branched from the source lines 207 are disposed on the resultant glass substrata 201 . Each 
source electrode 207a partially overlays a left side portion of each gate electrode 202a with a dielectric layer 
(such as the first insulating film 203 and the like) interposed therebetween. A shielding film, which also works 
as a drain electrode of each TFT 224, (hereinafter referred to as the "drain electrode/shielding film") is formed 

25 over a right side portion of each gate electrode 202a so as to occupy a larger area than the right side portion. 
Another shielding film 210 is formed facing the drain electrode/shielding film across the gate line 202. The 
wording "shielding" herein means preventing light leak which degrades contrast of the liquid crystal display. 

Furthermore, a third insulating film 212 having a plurality of contact holes 21 3 are formed over almost the 
entire surface of the glass substrate 201 bearing the above-mentioned films, etc. ITO (indium tin oxide) is de- 

30 posited on the third insulating film 212 so as to come in contact with the drain electrode corresponding portion 
of each drain electrode/shielding film 208 through each contact hole 213, thereby forming pixel electrodes 214. 
An alignment layer 215 is further formed on the top surface of the resultant glass substrate 201. 

The counter substrate 223 opposed to the above-mentioned active matrix substrate 222 has the following 
structure: Color filters 220 and counter shielding films 219 are formed in a desired pattern on an insulating 

35 glass substrate 221 . A counter electrode 21 8 is formed thereon by coating the entire top surface of the pat- 
terned glass substrate 221 with ITO. An alignment layer 217 is further formed thereon. Each color filter 220 
is opposed to each of the pixel electrodes 214. 

A production method for such an active matrix liquid crystal display will now be described referring to Fig- 
ures 3A to 3F. 

40 (1) As is shown in Figure 3A, a Ta film having a thickness of, for example, 3000 angstroms is formed and 

patterned on the glass substrate 201, thereby forming the gate lines 202 and the gate electrodes 202a. 
The glass substrate 201 can be replaced by an insulating substrate made from any of other light permeable 
materials or a transparent substrate coated with a transparent insulating film. 

(2) The SiN x film as the first insulating film 203 having a thickness of, for example, 3000 angstroms is 
45 formed by spattering or by plasma CVD on the entire surface of the glass substrate 201 obtained in step 

(1). The a-Si layer (not shown) as the semiconductor layer of the TFTs 224 having a thickness of, for ex- 
ample, 300 angstroms and the SiN x film as the second insulating film 205 having a thickness of, for ex- 
ample, 2000 angstroms are then successively formed on the entire top surface of the glass substrate 201 
and etched to pattern the second insulating film 205 as shown in Figure 3B. 
so An additional insulating film can be formed by an anodization of the gate lines 202 before the first 

insulating film 203. The first insulating film 203 can be made from any other common insulating materials 
apart from SiN x . 

(3) Then, a-Si doped with P having a thickness of, for example, 500 angstroms is coated on the entire top 
surface by plasma CVD and patterned to provide a-Si layers (not shown) at portions where the TFTs 224 

55 are formed. A Mo layer having a thickness of, for example, 3000 angstroms is formed by spattering and 

etched to form the source lines 207, the source electrodes 207a, the drain electrode/shielding films 208 
and the shielding films 210 in a pattern as is shown in Figure 3C. Care should be taken so as not to allow 
the drain electrode/shielding films 208 and the shielding films 210 to overlap the gate lines 202, bearing 
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alignment deviation in mind. 

(4) Next, the third insulating film 212 is formed by coating the entire top surface of the resultant glass sub- 
strate 201 with an organic passivation having a thickness of, for example, 1 jxm. Then the contact holes 
213 are formed by etching on the third insulating film 212. Examples of a material for the organic passi- 

5 vation include an acrylic resin such as JSS-7215 (produced by Japan Synthetic Rubber Co., Ltd.), a poly- 

imide such as PIX-8803 (produced by Hitachi Chemical Co., Ltd.), and a photosensitive polyimide such as 
S414 (produced by Toray Industries, Inc.). The third insulating film 212 can be made from an inorganic 
material such as SiN x , Si0 2 and the like apart from the organic materials. 

(5) ITO is deposited so as to cover the third insulating film 212 and fill the contact holes 213 by spattering 
10 and photo-etched, as is shown in Figure 3D, to form the pixel electrodes 214 each having a thickness of, 

for example 1000 angstroms. Care should be taken not to allow the pixel electrodes 214 to overlap the 
gate lines 202, bearing alignment deviation in mind. The alignment layer 21 5 is formed by coating the entire 
top surface of the structure thus formed with a polyimide and the like, and is treated by the rubbing meth- 
od. 

15 (6) The counter substrate 223 is fabricated as follows: The counter shielding film 219 in a pattern as shown 

in Figure 3E and the color filter 220 are formed on the glass substrate 221. When the ends of the pixel 
electrodes 214 are located just above the ends of the drain electrode/shielding film 208 and the shielding 
film 210 as is shown in Figure 2, the counter shielding film 219 is provided so as to cover a gap between 
the gate line 202 and the drain electrode/shielding film 208 and a gap between the gate line 202 and the 

20 shielding film 210. When the end of the pixel electrode 214 is not located just above the end of the drain 

electrode/shielding film 208, the counter shielding film 219 covers the smaller one of: 1) gaps between 
the gate line 202 and the drain electrode/shielding film 208; and 2) gaps between the gate line 202 and 
the pixel electrode 214. When the end of the pixel electrode 214 is not located just above the end of the 
shielding film 210, the counter shielding film 219 covers the smaller one of: 1) gaps between the gate line 

25 202 and the shielding film 210; and 2) gaps between the gate line 202 and the pixel electrode 214. 

ITO is deposited on the entire top surface of the glass substrate 221 obtained in the above-mentioned 
manner to form the counter electrode 218. The alignment layer 217 is further formed thereon by using a 
polyimide and the like, and treated by the rubbing method. The glass substrate 221 can be replaced by 
an insulating substrate made from any of the other light permeable materials, or a transparent substrate 

30 coated by a transparent insulating film. The color filter 220 can be omitted, if desired. This step (6) can be 

conducted before the above described steps (1) through (5), that is, the production of the active matrix 
substrate. 

(7) Finally, the active matrix substrate 222 and the counter substrate 223 are adhered to each other as is 

shown in Figure 3F. Liquid crystal is injected between the two substrates as the liquid crystal layer 216 
35 to obtain a liquid crystal cell. 

In the active matrix liquid crystal display fabricated in the above-mentioned manner, the gate lines 202 do 
not overlap the drain electrode/shielding films 208 and the shielding films 210 as is shown in figure 2. There- 
fore, a parasitic capacitance is not caused between the gate lines 202 and the drain electrode/shielding films 
208 and between the gate lines 202 and the shielding films 21 0. Moreover, the gate lines 202 overlap neither 
40 the pixel electrodes 214 nor the drain electrode/shielding films 208 and the shielding films 21 0. Therefore, no 
parasitic capacitance is caused between the gate lines 202 and the pixel electrodes 214 as well. Thus, the 
degradation of the display characteristics due to parasitic capacitance is prevented. 

Accuracy in adhering the two substrates is lower than the alignment accuracy. Therefore, in the prior art, 
the counter shielding film formed on the counter substrate generally must have a sufficient size, resulting in 
45 lowering the aperture ratio. However, according to the present invention, the counter shielding film 219 can 
be small because it must shield only gaps between the gate line 202 and the drain electrode/shielding film 
208 and gaps between the gate line 202 and the shielding film 210. Thus, the aperture ratio is not reduced. 

Example 2 

50 

Figure 4 is a plan view showing an active matrix liquid crystal display of this example. Like reference nu- 
merals designate like parts shown in Figure 1. 

In the liquid crystal display of this example, the drain electrode/shielding film 208 is divided into a drain 
electrode 209 and a shielding film 21 0b, which are formed separately, having no electrical connection to each 
55 other. Also in this example, the shielding films 210 and 210b are formed so as not to overlap the gate lines 
202, and the gate lines 202 and the pixel electrodes 21 4 do not overlap each other. Further, the counter shield- 
ing film 219 is formed on the counter substrate 223 so as to cover a gap between the shielding film 210 and 
the gate line 202 and a gap between the shielding film 210b and the gate line 202. However, when the end 
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of the pixel electrode 214 is not located just above the end of the shielding film 210b, the counter shielding 
film 219 covers the smaller one of: (1) gaps between the gate line 202 and the shielding film 210b; and (2) 
gaps between the gate line 202 and the pixel electrode 214. When the end of the pixel electrode 214 is not 
located just above the end of the shielding film 210, the counter shielding film 219 is provided so as to cover 

5 the smaller one of: (1) gaps between the gate line 202 and the shielding film 21 0; and (2) gaps between the 
gate line 202 and the pixel electrode 214. 

In the above described two examples, none of the shielding films overlap the gate lines. Therefore, a para- 
sitic capacitance is not caused between the shielding films and the gate lines 202. In addition, a parasitic ca- 
pacitance is not caused between the gate lines 202 and the pixel electrodes 214 because the gate lines 202 

10 do not overlap the pixel electrodes 214. In this manner, the display characteristics are improved as compared 
with those in the conventional structure. Furthermore, the counter shielding film covers a smaller one of: 1) 
gaps between the shielding film 21 0 or 21 0b (or the drain electrode/shielding film 208) and the gate line 202; 
and 2) gaps between the pixel electrode 214 and the gate line 202. Thus, a light leak through the gap can be 
shielded. Moreover, since the counter shielding film can be small because it must shield only the above- 

15 mentioned gap, the aperture ratio is prevented from degrading. Additionally, the yield is not reduced because 
the production requires no additional steps. 

Example 3 

20 Figure 5 is a plan view showing an active matrix liquid crystal display according to this example. Figure 6 

is a sectional view taken on line B-B' of the active matrix liquid crystal display of Figure 5. The liquid crystal 
display comprises an active matrix substrate on which TFTs 324 are formed in the shape of a matrix, a counter 
substrate opposed to the active matrix substrate and a liquid crystal layer sandwiched therebetween. 

The active matrix substrate comprises an insulating glass substrate 301 as the lowest layer, gate lines 302 

25 formed thereon as horizontally extending scanning lines, and gate electrodes 302a of the TFTs 324 branched 
from the gate lines 302. 

On the glass substrate 301 bearing the gate lines 302 and gate electrodes 302a, a first insulating film 303 
made from SiN x is formed, and an a-Si layer (not shown) is further formed so as to cover the first insulating 
film 303 at positions where the gate electrodes 302a are formed. A second insulating film 305 also made from 

30 SiN x is formed on the a-Si film. Source lines 307 as vertical signal lines made from a metal and source elec- 
trodes 307a of the TFTs 324 branched from the source lines 307 are disposed on the resultant glass substrate 
301. Each source electrode 307a partially overlays a left side portion of each gate electrode 302a with the 
first insulating film 303 and the like interposed therebetween. A drain electrode 309 of the TFT 324 is formed 
on a right side portion of the gate electrode 302a. Ashielding film 310b is formed on the right hand side of the 

35 drain electrode 309 so as to partially overlay the gate line 302 having the first insulating film 303 and the like 
therebetween. Another shielding film 310 is formed facing the shielding film 310b across the gate line 302 so 
as to partially overlay the gate line 302 having the first insulating film 303 and the like therebetween. 

Furthermore, a third insulating film 312 having a plurality of contact holes 31 3 are formed over almost the 
entire surface of the glass substrate 301 bearing the above-mentioned films, etc. ITO is deposited on the third 

40 insulating film 31 2 so as to come in contact with the drain electrode 309 through each contact hole 313, thereby 
forming pixel electrodes 314. An alignment layer (not shown) is further formed on the top surface of the re- 
sultant glass substrate 301. 

The counter substrate opposed to the above-mentioned active matrix substrate has a conventional struc- 
ture. 

45 A production method for such an active matrix liquid crystal display will now be described referring to Fig- 

ures 7A to 7D. 

(1) As is shown in Figure 7A, a Ta film having a thickness of, for example, 3000 angstroms is formed and 
patterned on the glass substrate 301, thereby forming the gate lines 302 and the gate electrodes 302a. 

so (2) The SiN x film as the first insulating film 303 having a thickness of, for example, 3000 angstroms is 

formed by spattering or plasma CVD on the entire surface of the glass substrate 301 obtained in step (1). 
The a-Si layer (not shown) as the semiconductor layer of the TFTs 324 having a thickness of, for example, 
300 angstroms and the SiN x film as the second insulating film 305 having a thickness of, for example, 
2000 angstroms are then successively formed on the entire top surface of the glass substrate 301 and 

55 etched to pattern the second insulating film 305 as is shown in Figure 7B. 

An additional insulating film can be formed by an anodization of the gate lines 302 and the gate elec- 
trode 302a before the first insulating film 303. The second insulating film 305 can be made from any other 
insulating materials apart from SiN x . 
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(3) Then, a-Si doped with P having a thickness of, for example, 500 angstroms is coated on the entire top 
surface by plasma CVD and patterned to provide a-Si layers (not shown) at portions where the TFTs 324 
are formed. A Mo layer having a thickness of, for example, 2000 angstroms is formed by spattering and 
etched to form the source lines 307, the source electrodes 307a, the drain electrodes 309 in a pattern as 
5 is shown in Figure 7C. 

A Cr layer having a thickness of, for example, 1000 angstroms is formed by spattering, etched in a 
pattern as is shown in Figure 7C to form the shielding films 310 and 310b. 

Next, the third insulating film 312 is formed by coating the entire top surface of the resultant glass 
substrate 301 with an organic passivation having a thickness of, for example, 1 n,m. Then the contact holes 
10 313 are formed by etching on the third insulating film 312. Examples of a material for the organic passi- 

vation include an acrylic resin such as JSS-7215 (produced by Japan Synthetic Rubber Co., Ltd.), a poly- 
imide such as PIX-8803 (produced by Hitachi Chemical Co., Ltd.), and a photosensitive polyimide such as 
S414 (produced by Toray Industries, Inc.). The third insulating film 312 can be made from an inorganic 
material such as SiN x , Si0 2 and the like apart from the organic materials. 
15 (4) Finally, ITO having a thickness of, for example, 1000 angstroms is deposited on the third insulating 

film 312 by spattering, and etched to form the pixel electrodes 314 so as to overlay the contact holes 313 
and the shielding films 310 and 310b. Thus, the active matrix substrate of this example is obtained. 
The above described production steps can be simplified by forming the shielding films 310 and 310b by 
using the same metal as is used for the source line at the same time of forming the source lines 307 and the 
20 source electrodes 307a as in Example 1 . 

The counter substrate fabricated in the conventional manner is adhered to the active matrix substrate, and 
liquid crystal is injected therebetween as the liquid crystal layer. The active matrix liquid crystal display of this 
example is fabricated in this manner. 

During the production, each gate line 302 is electrically connected to the counter electrode on the counter 
25 substrate. For example, they are connected to each other in a circuit for driving the liquid crystal display so 
that a signal input to the gate line 302 is synchronized with a signal input to the counter electrode. Namely, 
when the counter electrode is driven by an AC current, the gate lines 302 are also driven by an AC current. 
The gate lines can be connected to the counter electrode in any of the other optional manners. 

The function of the active matrix liquid crystal display will now be described. In the following description, 
30 the pixel in the center of Figure 5 is taken as the (N-1)th pixel, and one on the upside thereof is taken as the 
Nth pixel. 

The shielding film 310 which is formed so as to cover the pixel electrode 314 belonging to the Nth pixel 
and the gate line 302 belonging to the adjacent (N-1)th pixel is electrically connected to the counter electrode 
on the counter substrate via the gate lines 302. Therefore, part of a parasitic capacitance caused in portions 

35 marked with oblique lines in Figure 5, that is, portions between the pixel electrode 314 and the shielding film 
310 and between the pixel electrode 314 and the gate line 302, is connected in parallel to a capacitance of 
the liquid crystal, and is thus used as a storage capacitance. As a result, the display characteristics can be 
improved because an effect of the parasitic capacitance on the display characteristics, i.e., a ratio obtained 
by the Equation (I) is minimized because the denominator becomes large. Moreover, the aperture ratio and 

40 the yield are not reduced because there is no need to provide storage capacitance lines, otherwise which in- 
creases the number of the production steps. 

Example 4 

45 Figure 8 is a plan view showing an active matrix substrate of an active matrix liquid crystal display according 

to this example. Figure 9 is a sectional view taken on line B-B' of Figure 8. The pixel in the center of Figure 8 
is taken as the (N-1)th pixel, and one on the upside thereof is taken as the Nth pixel. Like reference numerals 
indicate like parts shown in Figure 5. 

The active matrix liquid crystal display according to this example has a structure identical to that in Example 

so 3 except for a drain electrode/shielding films 308 as in Example 1 . The production method is also identical to 
that of Example 3 except for the following: Instead of forming the drain electrode 309 by etching the Mo layer 
as in Example 3, the drain electrode/shielding films 308 are formed in a pattern as is shown in Figure 8, and 
the shielding films 310 in the indicated pattern are formed using the Cr layer. 

The function of the active matrix liquid crystal display will now be described. The shielding film 310 which 

55 is formed so as to cover the pixel electrode 314 belonging to the Nth pixel and the gate line 302 belonging to 
the adjacent (N-1)th pixel is electrically connected to the counter electrode on the counter substrate via the 
gate lines 302. Therefore, part of a parasitic capacitance caused in portions marked with oblique lines in Figure 
5, that is, portions between the pixel electrode 314 and the shielding film 310 and between the pixel electrode 



8 



EP 0 555 100 A1 



314 and the gate line 302, is connected in parallel to a capacitance of the liquid crystal, and is thus used as 
a storage capacitance, resulting in obtaining the same effect as is in Example 3. Moreover, this liquid crystal 
display adopts the drain electrode/shielding film 308 integrally working as both the drain electrode and the 
shielding film, therefore, there is no gap between the drain electrode and the shielding film as is in Example 
5 3. As a result, the degradation of contrast due to light leak through such a gap can be avoided. 

Example 5 

Figure 10 is a plan view showing an active matrix substrate of an active matrix liquid crystal display ac- 
10 cording to Example 5. Figure 11 is a sectional view taken on line B-B' of Figure 10. The pixel in the center of 
Figure 1 0 is taken as the (N-1)th pixel, and one on the upside thereof is taken as the Nth pixel. Like reference 
numerals indicate like parts shown in Figure 8. 

The active matrix liquid crystal display of this example has an identical structure to that of Example 4 except 
further comprising a transparent and conductive connecting piece 311 for electrically connecting the drain elec- 
ts trod e/s hi el ding film 308 to the shielding film 310. The connecting piece 311 works as a drain electrode line. 
The production method is also identical to that of Example 4 except a production step for the connecting piece 
311 is added as follows: After forming the shielding film 310 as in Example 4, an ITO layer with a thickness 
of 1 000 angstroms is coated by spattering and is etched in a pattern as is shown in Figure 1 0 to form the con- 
necting piece 311 . The third insulating film 312 is formed over the connecting piece 311. 
20 Therefore, part of a parasitic capacitance caused in portions marked with oblique lines in Figure 10, that 

is, portions between the pixel electrode 314 and the gate line 302, is connected in parallel to a capacitance 
of the liquid crystal, and is thus used as a storage capacitance. The parasitic capacitance is smaller than in 
Examples 3 and 4, since the shielding film 310 is connected to the pixel electrode 314 via the drain elec- 
trode/shielding film 308. Accordingly, although a smaller amount of the parasitic capacitance is used as the 
25 storage capacitance than in Examples 3 and 4, images can be displayed at high quality because the amount 
of the parasitic capacitance is smaller. 

The present example can be applied to various types of active matrix substrates as shown in Figures 12A 
through 12C. 

The active matrix substrate shown in Figure 1 2A comprises a drain electrode/line/shielding film 308b, which 
30 works both as the drain electrode/shielding film 308 of this example and as a drain electrode line. In this active 
matrix substrate, the drain electrode/line/shielding film 308b is electrically connected to the shielding film 310. 

The active matrix substrate shown in Figure 12B comprises a drain line/shielding film 310a, which works 
both as the shielding film 310 of this example and as a drain electrode line. In this active matrix substrate, the 
drain line/shielding film 310a is electrically connected to the drain electrode/shielding film 308. 
35 The active matrix substrate shown in Figure 12C comprises a drain electrode/shielding film 308c extending 

along three sides of the pixel electrode 314 excluding one side which is not adjacent to the gate lines 302. 
The drain electrode/shielding film 308c works as both the drain electrode/shielding film 308 of this example 
and the shielding film 310. 

In the above-mentioned three applications, the production steps can be simplified because there is no 
40 need to form the connecting piece 311 . 

Example 6 

Figure 13 is a plan view showing an active matrix substrate of an active matrix liquid crystal display ac- 
45 cording to this example. Figure 14 is a sectional view taken on line B-B' of Figure 1 3. Like reference numerals 
indicate like parts shown in Figure 8. 

This active matrix liquid crystal display comprises an active matrix substrate 322 on which the TFTs 324 
are formed in the shape of a matrix, a counter substrate 323 opposed to the active matrix substrate 322 and 
a liquid crystal layer 316 sandwiched therebetween. 
so The active matrix substrate 322 is almost identical to that of Example 4. But the end of the drain elec- 

trode/shielding film 308 is not located just above the end of the gate line 302 but there is a gap between the 
two ends. 

The counter substrate 323 comprises shielding films 319 formed on a glass substrate 321 so as to cover 
the above-mentioned gap. Color filters 320 are opposed to the pixel electrodes 314 on the active matrix sub- 
55 strate322, and an alignment layer 31 7 is furtherformed thereon. Thecolorfilters320can be omitted, if desired. 
The production method for such an active matrix liquid crystal display is as follows: 
The active matrix substrate 322 is fabricated in the same manner as in Example 4. 
The shielding films 319 are formed on the glass substrate 321 in a pattern as is shown in Figure 8. ITO 
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as a counter electrode 31 8 is deposited over the entire surface of the glass substrate 321 bearing the shielding 
films 319. A polyimide is coated over the counter electrode 318 to form the alignment layer 31 7, which is then 
treated by the rubbing method. The color filters 320 are formed on portions opposed to the pixel electrodes 
314, if necessary. 

Finally, the active matrix substrate 322 and the counter substrate 323 are adhered to each other, and the 
liquid crystal is injected therebetween to form the liquid crystal layer 316. 

Such an active matrix liquid crystal display has, apart from the effect obtained by utilizing the parasitic 
capacitance as the storage capacitance, an effect for improving the display characteristics because the light 
leak through the gate lines 302 as scanning lines is completely blocked. 

In this example, the shielding films 319 are provided to block light leak through gaps between the drain 
electrode/shielding films 308 and the gate lines 302. However, the position of the shielding film 319 is not lim- 
ited to this as far as light leak through the shielding film formed on the active matrix substrate can be blocked. 

Various other modifications will be apparent to and can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth herein, but rather that the claims be broadly con- 
strued. 



Claims 

1. An active matrix liquid crystal display comprising: 

an active matrix substrate having: 

a plurality of parallel scanning lines; 

a plurality of parallel signal lines crossing the scanning lines; 

pixel electrodes respectively formed in substrate portions defined by two adjacent scanning 
lines and two adjacent signal lines; 

switching elements each of which is connected to a corresponding pixel electrode, a corre- 
sponding scanning line and a corresponding signal line; and 

pairs of first shielding films, each pair being provided along both sides of each scanning line, 
for blocking light leak along the scanning lines; 

a counter substrate opposed to the active matrix substrate having: 

a counter electrode; and 

second shielding films for blocking light leak which is not blocked by the first shielding films; 

and 

a liquid crystal layer between the active matrix substrate and the counter substrate. 

2. An active matrix liquid crystal display according to claim 1 , wherein none of the first shielding films overlay 
the scanning lines. 

3. An active matrix liquid crystal display according to claim 2, wherein the second shielding film covers the 
smaller one of: (1) gaps between the pair of first shielding films and the scanning line sandwiched thereby; 
and (2) gaps between the pixel electrode and the scanning line. 

4. An active matrix liquid crystal display according to Claim 1, wherein the switching elements are thin film 
transistors, and a drain in each thin film transistor also serves as one of the pair of first shielding films. 

5. An active matrix liquid crystal display according to claim 1 , wherein the signal lines are made from a type 
of material as used for the first shielding films. 

6. An active matrix liquid crystal display comprising: 

an active matrix substrate having: 

a plurality of parallel scanning lines; 

a plurality of parallel signal lines crossing the scanning lines; 

pixel electrodes respectively formed in substrate portions defined by two adjacent scanning 
lines and two adjacent signal lines; 

switching elements each of which is connected to a corresponding pixel electrode, a corre- 
sponding scanning line and a corresponding signal line; and 

first shielding films each of which is formed so as to overlay an adjacent pixel electrode for 
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blocking light leak along the scanning lines; 

a counter substrate opposed to the active matrix substrate having a counter electrode electrically 
connected to the scanning lines; and 

a liquid crystal layer between the active matrix substrate and the counter substrate. 

7. An active matrix liquid crystal display according to claim 6 further comprising second shielding films re- 
spectively opposed to the shielding films across the scanning lines. 

8. An active matrix liquid crystal display according to claim 7, wherein the switching elements are thin film 
transistors, and a drain in each thin film transistor also serves as the second shielding film. 

9. An active matrix liquid crystal display according to claim 8, wherein the first shielding film and the second 
shielding film overlaying the same pixel electrode are electrically connected to each other. 

10. An active matrix liquid crystal display according to claim 9 further comprising connecting means for con- 
necting the first shielding film and the second shielding film. 

11. An active matrix liquid crystal display according to claim 1 0, wherein the connecting means is made from 
a transparent conductive film. 

12. An active matrix liquid crystal display according to claim 9, wherein the first shielding film and the second 
shielding film are integrated. 

13. An active matrix liquid crystal display according to claim 6, wherein the signal lines are made from a type 
of material as used for the first shielding films. 

14. An active matrix liquid crystal display according to claim 7, wherein the signal lines, the first shielding films 
and the second shielding films are made from the same type of material. 

15. An active matrix liquid crystal display according to claim 7, wherein none of the second shielding films 
overlay the scanning lines, and the counter substrate comprises third shielding films covering the smaller 
one of: (1) gaps between the second shielding film and the scanning line; and (2) gaps between the pixel 
electrode and the scanning line. 

16. An active matrix liquid crystal display according to claim 15, wherein the switching elements are thin film 
transistors, and a drain in each thin film transistor also serves as the second shielding film. 

17. An active matrix liquid crystal display according to claim 1 6, wherein the first shielding film and the second 
shielding film overlaying the same pixel electrode are electrically connected to each other. 



11 



EP 0 555 100 A1 



207a 




202 



FIG.1 



202 



223 



116^-- 



219 




222 



214 



A r-s 2 20 

217 
216 




210 



202 208 

FIG. 2 . 



12 



EP 0 555 100 A1 



202 



202a 

FIG.3A 



201 



205 



FIG.3B 



l r 



202 



207 



.210 



QrW 



\ X 213 
22A 210 



C 



FIG.3C. 



207 



219 




L I 



L_ 



FIG.3E 



1 1 

-II ( 


1 


i • 

j L 








1 

1 

I L 

if" 

1 1 
1 1 1 


□I ' 

T 

224 

J 


i L 

I 

sir 

j i.. 


ri 







2U 



FIG.3D 



n 



il 

i: 
I 

I I 
I I 



J L 



3p 



224 



i r 



M 

i*7 



n 



i : 



If- 



•2U 



FIG.3F. 



13 



EP 0 555 100 A1 



210a 




207 



FIG.4. 



14 



EP 0 555 100 A1 




(N-I)th 

310a 




310 302 310b 

FIG. 6. 



15 



EP 0 555 100 A1 



* ... 



302a 



302 



1 



305 



n r 



302 



FIG.7A. 



FIG.7B. 




16 



EP 0 555 100 A1 




17 



EP 0 555 100 A1 





18 



EP 0 555 100 A1 



I t 
I I 



-.1 



J c 



J 




308b 



310 



I i 



l 
l 

l 

L 



1 



r 



D 



3^8 



310a 



r 



FIG.12A. 



FIG.12B. 




FIG/I2. 



19 



EP 0 555 100 A1 



319 




20 



EP 0 555 100 A1 




FIG.15 




FIG.16 



21 



EP 0 555 100 A1 



123 



122 




107a 106 104 



105 102a 106 

FIG. 17. 



108 



123 



114 



122 



] C 



t 



no 102 



108 



FIG. 18. 



X.121 
^-120 

^117 

-^116 

^115 
r-114 

J>112 

-%_103 
2-101 



22 



EP 0 555 100 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 93 30 0889 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. CI. 5 ) 



D, A 



SID 91 DIGEST 1991, 
pages 215 - 218 

M.TSUMURA ET AL. 'HIGH RESOLUTION 10.3 
IN. -DIAGONAL MULTICOLOR TFT-LCD' 

* the whole document * 

EP-A-0 317 063 (IBM) 

* claim 3; figures 1-7 * 

PATENT ABSTRACTS OF JAPAN 

vol. 7, no. 286 (P-244)(H31) 21 December 

1983 

& JP-A-58 159 520 ( SUWA SEIK0SHA ) 21 
September 1983 

* abstract * 



1,6 



G02F1/136 



1,6 



1,6 



TECHNICAL FIELDS 
SEARCHED am. C1.5 ) 



G02F 



The present search report has been drawn up for all claims 



Place of search 

THE HAGUE 



Date of ceaarietioa of the search 

27 APRIL 1993 



Exmdmex 

MALIC K 



CATEGORY OF CITED DOCLUVffiNTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of toe same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document dted for other reasons 

& : member of the same patent family, corresponding 
document 



23 



